We studied in detail the sorption behavior of Ti, Zr, Hf, Nb and Ta on AG 1 anion exchange resin in HF-acetone mixed solutions as a function of organic cosolvent and acid concentrations. Anion exchange behavior was found to be strongly acetone concentration dependent. The distribution coefˇcients of Ti, Zr, Hf and Nb increased and those of Ta decreased with increasing content of acetone in HF solutions. With increasing HF concentration, anion exchange equilibrium analysis indicated the formation of uoride complexes of group-4 elements with charge Ä3 and Ta with charge Ä2. For Nb the slope of Ä2 increased up to Ä5. Optimal conditions for separation of the elements using AIX chromatography were found. Group-4 elements formed M F
INTRODUCTION
Chemical identiˇcation of radionuclides in the decay chains of the recently discovered transactinide elements may serve as a method for conˇrming the discovery [1] . The longer half-lives of radionuclides of transactinides discovered in the An + 48 Ca reactions make possible the application of radiochemical techniques for their chemical characterization in solutions [2] . In previous experiments, an ion exchange method combined with Db uoride complexation was used [3, 4] . It is well known that ion exchange in water-miscible organic solvents exhibits more effective separation of metal ions [5] . To optimize conditions for isolation and study of chemical properties of Rf and Db, we investigated anion exchange behavior of their lighter homologues in groups 4 and 5 respectively, from HF-acetone mixed solutions. In addition, the in uence of organic cosolvent on uoride complexation and behavior in concentrated HF solutions of these elements were also examined. The sorption behavior of Ti, Zr, Hf, Nb and Ta on AG 1 anion exchanger in aqueous-organic solutions of HF as a function of organic cosolvent and acid concentrations was studied in detail.
EXPERIMENTAL METHODS
All the chemical reagents used were of analytical grade. The concentration of the initial HF solution was checked by titration with freshly prepared standard KOH solutions. Anion exchange resin AG 1•8 (Cl − form, 200Ä400 mesh) was purchased from Fluka Chemika. Prior to use, the resin was washed with distilled water and then converted to F − form by washing with 2 M HF. After that the resin was air-dried in an oven at 60
• C for 24 hours and samples of 100 mg each were weighed. HF-acetone mixed solutions were prepared by weighing required quantity of acetone to HF solutions and bringing toˇnal volume with distilled water. A series of batch experiments were performed at room temperature in order to determine distribution ratio of Ti, Zr, Hf, Nb and Ta between mixed HF-acetone solutions and AG 1 anion exchanger. In all experiments the solid to solution ratio was 10 cm
Prepared solutions and resin were added into Eppendorf tubes and samples were left for 2 days in order to reach equilibrium. After that the samples were centrifuged for 10 minutes and aliquots from supernatant were taken. Amounts of element adsorbed onto resin were determined from the difference between radioactivity in solution before and after the equilibration time. Gamma-spectrometric determination of radionuclides was performed using a Ge detector from Ortec having energy resolution of 1.5 keV for the 60 Co γ-quantum energy at 1.33 MeV and coupled to a multichannel analyzer from Ortec.
Values of the distribution coefˇcient (K d , ml · g −1 ) of Ti, Zr, Hf, Nb and Ta in AG 1 Å HF-acetone mixed solutions system were published in [8] .
RESULTS AND DISCUSSION
The obtained results let us make some conclusions about complexation and mechanism of sorption of group-4 and 5 elements in HF-acetone mixed solutions. The in uence of acetone on sorption behavior of studied elements can be seen in Fig. 1 .
Such behavior can be explained by two competing processes. It is known that in the concentrated HF solution formation of HF − 2 is predominant [9] . Thus, ion exchange equilibrium of uoride complexes could be represented by the following chemical reactions:
where R isˇxed ion group of the resin. In the presence of acetone, dissociation of HF decreases as the concentration of acetone increases because the dielectric constant of acetone is higher than that of water. As a result, the concentration of counter ion HF − 2 decreases and sorption of uoride complexes of Ti, Zr, Hf and Nb increases (Fig. 1) . At acetone concentrations higher than 8 M for Nb, Ti and 10 M for Zr, formation of less negatively charged and neutral complexes takes place and sorption decreases. In uence of acetone on adsorption of Ta appears to be in the opposite direction. Effect of acetone on Ta uptake by AG 1 was found to be negligible within the interval 0Ä1 M. Further increasing of acetone concentration leads to a decrease in retention.
Effect of increasing HF concentration in mixed HF-acetone solution on the distribution of uoride complexes was examined and results are presented in (1) and (2)). Consequently the sorption of Ti, Zr, Hf, Nb and Ta decreases at higher concentrations of HF due to displacement of anion complexes with the HF − 2 ion (Fig. 2) .
According to anion exchange equilibrium (Eqs. (1) and (2)), K d can be represented as follows:
where D is the selectivity coefˇcient of exchanging anions, n is the number of charges of anionic complexes M F presented in Table 1 . Since we do not know concentration of HF [10, 11] . We can assume that at high HF concentration M F 3− 7 complexes become dominant species which preferentially adsorb on anion exchange resin and take part in sorptionÄdesorption processes. Sorption of group-4 elements decreases Ti > Hf > Zr in reverse order of complex stability. This is in agreement with the previously reported data [6, 12] where, by using CIX chromatography and HClÄHF mixed solutions, group-4 elements were separated and eluted in the order Zr > Hf > Ti > Th according to uoride complex stability constants. While in the absence of acetone, sorption of Ti, Zr and Hf was found to be equal, in the presence of acetone the selectivity and order of sorption on the resin changed dramatically (Fig. 1) .
Retention of Nb and Ta in the presence of acetone is more complex. In the presence of uoride the group-5 elements speciation is dominated by complexes NbF The data presented here are of great practical interest since conditions could be found for separation of all the studied elements. Table 2 shows separation factors for Nb and Ta over the range of HF and acetone concentrations studied. Optimal conditions for separation of group-4 elements from each other is 6 M HF Ä 10 M acetone and from group-5 elements is 15Ä25 M HF Ä 1Ä4 M acetone.
CONCLUSIONS
The results indicated that in concentrated (> 3 M) HF solutions containing acetone, group-4 elements formed complexes M F
3− 7
(M = Ti, Zr, Hf) whose stability decreased in reverse order of sorption Zr > Hf > Ti. This fact is of particular interest for studying ion exchange behavior of Rf compared to Ti.
Under the same conditions, group-5 elements predominately formed complexes NbOF 2− 5 and TaF 2− 7 with anion exchange behavior considerably different in the presence of acetone. We found optimal conditions for separation of the elements using AIX chromatography.
Selectivity of sorption of all the studied elements in mixed solutions was found to be strongly acetone concentration dependent. This fact can be used for studying the in uence of relativistic effects on complex formation of Rf and Db. Using mixed solutions with high concentration of acetone will decrease time for spectrometric samples preparation by evaporation of eluate in experiments with Rf and Db.
